Introduction

41
Dissolved organic matter (DOM) is one of the Earth's largest reactive carbon pools, similar in . There are major gaps, however, in our understanding of the 55 biogeochemical significance of the released compounds 13 . The composition of DOM released 56 by heterotrophic bacteria is even less known than for phytoplankton, however, they do 57 produce and release organic compounds for similar purposes as phytoplankton 5, 6, 14, 15 .
58
Although the largest fraction of DOM remains uncharacterized with respect to 59 molecular identity, phytoplankton exudates consist to a considerable extent of labile 60 compounds such as carbohydrates (mono-, and polysaccharides), proteins and amino acids 16- 
61
18
. Hence, extracellular release of DOM by phytoplankton supports a major fraction of the labile 62 carbon flux in the surface ocean, thereby fueling secondary production [18] [19] [20] [21] . Labile DOM is 63 defined as being consumed by microbes within hours to days of production but typically only 64 accounts for a fraction of the bacterial C-and N-demand 22 . However, the majority of the
65
oceanic DOM pool appears to be recalcitrant with lifetimes from years to millennia and its 66 sources and sinks are largely unknown 23 .
67
Novel techniques based on electrospray ionization coupled to mass spectrometry 68 allow for a more detailed characterization of the low molecular weight (LMW, < 1000 Da) DOM 
74
that a major fraction of the released organic molecules is highly diverse and dependent on 75 nutrient availability, the organism itself and its growth stage [26] [27] [28] [29] . The 
99
"dark primary production" might play a crucial role in DOM formation and provide substrates 100 for heterotrophic prokaryotes. 
102
Material and Methods
164
Separate autosampler injections of 5 μL each were made for positive and negative ion modes.
165
The samples were analysed in a random order with a pooled sample run after every six 166 samples. The mass spectrometer was operated in selected reaction monitoring (SRM) mode.
167
Optimal SRM parameters (s-lens, collision energy) for each target compound were optimized 168 individually using an authentic standard as previously described 
172
Compounds were considered when they were present in at least two out of three biological
173
replicates and absent in media blanks.
175
Determination of dissolved free amino acids (DFAA)
176
For the analysis of extracellular DFAA, 1 mL of culture was filtered through 0.2 µm syringe 177 filters with PVDF membrane (Whatman ® Puradisc 13) and the filtrate was stored in 1.5 mL 
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236
remained that were present in at least two technical and biological replicates per strain (see
237
Material and Methods for details) (Fig. 1a) . Thereof, 185 masses could be assigned to 238 molecular formulae of which 126 were shared by all three strains (Fig. 1b) . Of these shared 239 exometabolites, 78.6% contained at least one nitrogen atom, which was much higher than 240 the average percentage of nitrogen-containing compounds in DOM extracted from the North 241 Atlantic (Fig. 2a,c) . Previous studies showed that DOM released by heterotrophic bacteria is 
28
, potentially reflecting the dominance of nitrogen metabolism in AOA (Fig. 2b,c) .
246
The number of detected masses with assigned molecular formulae was much lower in 247 Supplementary Fig. 2 ), suggesting that at least a fraction of the 264 released DOM retained on SPE columns might be used as substrate by heterotrophic bacteria.
265
While oceanic DOM is dominated by highly unsaturated compounds,
266
Nitrosopumilus-derived DOM contained a high proportion of compounds with molecular 267 formulae characteristic for phenols, polyphenols, highly unsaturated compounds,
268
unsaturated aliphatics, peptides and saturated fatty acids (Fig. 3a,c) exometabolomes of all three strains was assigned to saturated fatty acids (Fig. 3a,c) . Surprisingly, Nitrosopumilus spp. released 13 DFAA at higher rates than two heterotrophic alphaproteobacterial strains of the marine
328
Roseobacter clade (concentrations were below the detection limit of 0.5 nM) 27 . Furthermore,
329
the extracellular DFAA composition appeared to be somewhat connected to the phylogenetic 330 relatedness of the three species, as shown for different phytoplankton species 26, 62 . N.
331
adriaticus NF5 released higher concentrations of serine, whereas N. piranensis D3C and N.
332
maritimus SCM1 released higher concentrations of methionine and asparagine (Fig. 4a, 
333
Supplementary table 3). When exposed to oxidative stress, cell-specific DFAA release rates 334 increased, in particular those of glutamine and threonine, as compared to cultures grown 335 under non-stress conditions ( Supplementary Fig. 3 ).
337
Potential mechanisms of DFAA release by ammonia-oxidizing archaea
338
The fraction of DOM released by phytoplankton is highly variable accounting for up to 70% of 339 the total photosynthetically fixed carbon 6, 18 . Phytoplankton exudation has largely been 
344
Among the three Nitrosopumilus strains, the intracellular DFAA composition was highly 345 similar, with glutamic acid dominating the intracellular DFAA pool (35-50 mol%) (Fig. 4a) . With 
350
glutamic acid was largely absent from the extracellular DFAA pool of growing cells (Fig. 4b) .
351
Instead, hydrophobic amino acids, including alanine, glycine, valine, leucine, isoleucine,
352
phenylalanine, methionine and tryptophan made up ~80% of the extracellular DFAA of
353
Nitrosopumilus spp. during late exponential growth phase. Additionally, proline, which is also 354 highly hydrophobic, was detected via targeted exometabolomics ( determined by selective release rather than selective re-uptake of amino acids by the cells.
362
The release of most amino acids followed the growth patterns of each strain, as 363 indicated by nitrite production (Fig. 5, Supplementary Fig. 4) , with the exception of glycine 
372
Phytoplankton are considered the major producers of DOM in the surface ocean, accounting
373
for a large fraction of labile carbon flux which fuels secondary production 20, 21 . Below the sunlit 374 surface layers of the ocean, chemolithoautotrophy is a widespread strategy and this "dark 375 primary production" has a major impact on global carbon cycling 67 . Our data suggests that
376
AOA might release a substantial fraction of the fixed carbon to the ambient environment in the 377 form of amino acids and other metabolites, which has not been taken into account thus far.
378
Quantifying the chemolithoautotrophic contribution to the DOM pool and its turnover 379 represents a potentially important aspect to improve models of the global ocean carbon cycle.
380
Furthermore, the inability of an organism to synthesize a particular compound required
381
for its growth (auxotrophy) appears to be more widespread than previously assumed 68 .
382
Exploiting a resource produced by another organism rather than de novo synthesizing a 
